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(54) Chromatic dispersion and nonlinearity compensation in optical fibre communication 



(57) The present invention relates to a method for 
optical fiber communication, and a terminal device and 
system for use in carrying out the method, and an object 
of the present invention is to compensate for chromatic 
dispersion and nonlinearity. A device for outputting an 
optical signal having a variable optical power into an 
optical fiber transmission line is provided- The optical 
signal transmitted by the transmission line is converted 



into an electrical signal by an optica! receiver. A param- 
eter related to waveform degradation of the electrical 
signal is detected by a monitor unit. A control unit con- 
trols the optical power of the optical signal to be output 
from the device so that the waveform degradation is 
improved. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001 ] The present invention relates generally to com- 
pensation for chromatic dispersion and nonlinearity in 
optical fiber communication, and more particularly to a 
method for optical fiber communication which can com- 
pensate for chromatic dispersion and nonlinearity to 
allow long-haul transmission, and a terminal device and 
system for use in carrying out the method. 

Description of the Related Art 

[0002] Owing to recent developments of low-loss silica 
optical fibers, various optical fiber communication sys- 
tems each using such an optical fiber as a transmission 
line have been put to practical use. The optical fiber 
itself has a very wide band. However, a transmission 
capacity by the optical fiber is actually limited by a sys- 
tem design. The most important limitation is due to 
waveform distortion by chromatic dispersion occurring 
in the optical fiber. Further, the optical fiber attenuates 
an optical signal at a rate of about 0.2 dB/km, for exam- 
ple. Loss of the optical signal due to this attenuation has 
been compensated for by adopting an optical amplifier 
such as an erbium doped fiber amplifier (EDFA) that is a 
typical example. The EDFA has a gain band in a 1.55 
jxm band where a silica optical fiber gives a lowest loss. 
[0003] The chromatic dispersion that is often referred 
to simply as dispersion is a phenomenon such that the 
group velocity of an optical signal in an optical fiber 
changes as a function of the wavelength (or frequency) 
of the optical signal. In a standard single-mode fiber, for 
example, an optical signal having a longer wavelength 
propagates faster than an optical signal having a 
shorter wavelength in a wavelength region shorter than 
1 .3 urn, and the resultant dispersion is usually referred 
to as normal dispersion. In this case, the dispersion 
(whose unit is ps/nm/km) takes on a negative value. In 
contrast, an optical signal having a shorter wavelength 
propagates faster than an optical signal having a longer 
wavelength in a wavelength region longer than 1.3 fim, 
and the resultant dispersion is usually referred to as 
anomalous dispersion. In this case, the dispersion takes 
on a positive value. 

[0004] In recent years, the nonlinearities of an optical 
fiber have received attention in association with an 
increase in optical signal power due to the use of an 
EDFA. The most important nonlinearity that limits a 
transmission capacity is an optical Kerr effect occurring 
in an optical fiber. The optical Kerr effect is a phenome- 
non such that the refractive index of an optical fiber 
changes with the power or intensity of an optical signal. 
[0005] A change in the refractive index modulates the 
phase of an optical signal propagating in an optical fiber, 



BNSDOCID: <EP 0971 493A2_I_> 



493 A2 




resulting in the occurrence of frequency chirping which 
changes a signal spectrum. This phenomenon is known 
as self-phase modulation (SPM). There is a possibility 
that such a change in spectrum due to SPM may further 
s enlarge the waveform distortion due to chromatic dis- 
persion. 

[0006] In this manner, the chromatic dispersion and 
the optical Kerr effect impart waveform distortion to an 
optical signal with an increase in transmission distance. 
10 Accordingly, to allow long-haul transmission by an opti- 
cal fiber while ensuring a transmission quality, the chro- 
matic dispersion and the nonlinearity must be 
controlled, compensated, or suppressed. 

75 SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention 
to provide a method for optical fiber communication 
which can compensate for chromatic dispersion and 
20 nonlinearity to allow long-haul transmission, and to also 
provide a terminal device and system for use in carrying 
out the method. 

[0008] In accordance with an aspect of the present 
invention, there is provided a method for optical fiber 

25 communication. First, a device for outputting an optical 
signal having a variable optical power to an optical fiber 
transmission line is provided. Secondly, the optical sig- 
nal transmitted by the optical fiber transmission line is 
converted into an electrical signal. Thirdly, a parameter 

30 (e.g., a bit error rate or an eye opening) related to wave- 
form degradation of the electrical signal is detected. 
Finally, the optical power of the optical signal to be out- 
put to the optical fiber transmission line is controlled 
according to the parameter detected so that the wave- 

35 form degradation of the electrical signal is improved. 
[0009] In general, nonlinearity of an optical fiber or a 
nonlinear phenomenon occurring in an optical fiber 
used as the optical fiber transmission line is dependent 
on the optical power of an optical signal to be output to 

40 the optical fiber. In the method of the present invention, 
the optical power of the optical signal is changed 
according to the state of the optical fiber transmission 
line, e.g., according to the kind of an optical fiber used 
as the optical fiber transmission line, thereby controlling 

45 the nonlinearity of the optical fiber. Therefore, long-haul 
transmission is allowed with a transmission quality 
being ensured by compensation for chromatic disper- 
sion and nonlinearity. 

[0010] In accordance with another aspect of the 
so present invention, there is provided a system compris- 
ing first and second terminal devices and an optical fiber 
transmission line connecting the first and second termi- 
nal devices. The first terminal device comprises an opti- 
cal transmitter for outputting an optical signal having a 
55 variable optical power to the optical fiber transmission 
line. The second terminal device comprises an optical 
receiver for converting the optical signal transmitted by 
the optical fiber transmission line into an electrical sig- 
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nal, a monitor unit for detecting a parameter related to 
waveform degradation of the electrical signal, and 
means for transmitting supervisory information on the 
parameter detected to the first terminal, device. The first 
terminal device further comprises a control unit for con- 5 
trolling the optical power according to the supervisory 
information so that the waveform degradation of the 
electrical signal is improved. 

[0011] In accordance with a further aspect of the 
present invention, there is provided a terminal device 10 
comprising an optical transmitter for outputting an opti- 
cal signal having a variable optical power to an optical 
fiber transmission line; means for receiving supervisory 
information on a parameter detected in relation to wave- 
form degradation of the optical signal transmitted by the 75 
optical fiber transmission line; and means for controlling 
the optical power according to the supervisory informa- 
tion so that the waveform degradation of the optical sig- 
nal is improved. 

[0012] The above and other objects, features and 20 
advantages of the present invention and the manner of 
realizing them will become more apparent, and the 
invention itself will best be understood from a study of 
the following description and appended claims with ref- 
erence to the attached drawings showing some pre- 25 
ferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 30 

FIG. 1 is a block diagram showing a basic configu- 
ration of the system according to the present inven- 
tion; 

FIG. 2 is a graph showing dispersion characteristics 35 
of optical fibers; 

FIGS. 3A to 3C are diagrams for illustrating a trans- 
mittable distance in the case of using a DSF (dis- 
persion shifted fiber); 

FIGS. 4A and 4B are diagrams for illustrating a 40 
transmission characteristic of the DSF; 
FIGS. 5A to 5C are diagrams for illustrating a trans- 
mittable distance in the case of using an SMF (sin- 
gle-mode fiber); 

FIG. 6 is a block diagram showing a preferred 45 
embodiment of an optical amplifier applicable to the 
present invention; 

FIG. 7 is a block diagram showing a preferred 
embodiment of a monitor unit; 

FIG. 8 is a block diagram showing a preferred so 
embodiment of an O/E converter in the monitor unit 
shown in FIG. 7; 

FIG. 9 is a block diagram showing a preferred 
embodiment of the system according to the present 
invention; 55 
FIG. 10 is a block diagram showing another pre- 
ferred embodiment of the system according to the 
present invention; 




FIG. 1 1 is a block diagram showing a modification 
for transmitting specific supervisory information in 
the system shown in FIG. 10; and 
FIG. 12 is a flowchart showing a control flow in the 
system shown in FIG. 10 (FIG. 11). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Some preferred embodiments of the present 
invention will now be described in detail with reference 
to the attached drawings. Throughout the drawings, 
substantially the same parts are denoted by the same 
reference numerals. 

[0015] FIG. 1 is a block diagram showing a basic con- 
figuration of the system according to the present inven- 
tion. This system includes a first terminal device 2, a 
second terminal device 4, and an optical fiber transmis- 
sion line 6 connecting the first and second terminal 
devices 2 and 4. 

[0016] The first terminal device 2 includes an optical 
transmitter 8 for outputting an optical signal having a 
variable optical power to the optical fiber transmission 
line 6 from its first end 6A, and a control unit 10 for con- 
trolling the power of the optical signal to be output from 
the optical transmitter 8 according to a control signal CS 
supplied. 

[001 7] The second terminal device 4 includes an opti- 
cal receiver 12 for converting the optical signal transmit- 
ted by the optical fiber transmission line. 6 into an 
electrical signal, and a monitor unit 14 for detecting a 
parameter related to waveform degradation of the elec- 
trical signal output from the optical receiver 12. The sec- 
ond terminal device 4 further includes a transmitting unit 
16 for transmitting supervisory information on the 
parameter detected to the first terminal device 2. 
[0018] The first terminal device 2 further includes a 
receiving unit 18 for receiving the supervisory informa- 
tion transmitted from the second terminal device 4. The 
receiving unit 18 generates the control signal CS to be 
supplied to the control unit 10 according to the supervi- 
sory information so that the waveform degradation of 
the electrical signal output from the optical receiver 1 2 is 
improved. For example, the receiving unit 18 generates 
the control signal CS so that a bit error of the electrical 
signal output from the optical receiver 12 is reduced or 
so that an eye opening of the electrical signal output 
from the optical receiver 12 becomes large. 
[0019] The transmission of the supervisory informa- 
tion from the transmitting unit 16 to the receiving unit 18 
may be performed by using the optical fiber transmis- 
sion line 6, by using another optical fiber transmission 
line (not shown in FIG. 1), or by means of an electrical 
circuit or a wireless circuit. 

[0020] FIG. 2 is a graph showing dispersion character- 
istics of optical fibers usable as the optical fiber trans- 
mission line 6. In FIG. 2, the vertical axis represents 
dispersion (ps/nm/km) and the horizontal axis repre- 
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sents wavelength ((am). 

[0021] In the case that a usual single-mode fiber 
(SMF) is used as the optical fiber transmission line 6, 
the zero-dispersion wavelength of the SMF is about 1 .3 
fim. In this case, the dispersion falls in a region of anom- s 
alous dispersion for an optical signal having a wave- 
length longer than the zero-dispersion wavelength, and 
has a positive value. Conversely, the dispersion falls in a 
region of normal dispersion for an optical signal having 
a wavelength shorter than the zero-dispersion wave- 10 
length, and has a negative value. In the case of using an 
SMF as the optical fiber transmission line 6, the wave- 
length of an optical signal is set to fall in a 1 .55 \xm band 
(e.g., 1.50 to 1.60 urn) giving a minimum loss in the 
SMF. Accordingly, the dispersion for the optical signal is 
falls always in a region of anomalous dispersion. 
[0022] In the case that a dispersion shifted fiber (DSF) 
is used as the optical fiber transmission line 6, the zero- 
dispersion wavelength of the DSF is about 1.55 jum. 
Also in this case, the dispersion falls in a region of 20 
anomalous dispersion for an optical signal having a 
wavelength longer than the zero-dispersion wavelength, 
and has a positive value. Conversely, the dispersion 
falls in a region of normal dispersion for an optical signal 
having a wavelength shorter than the zero-dispersion 25 
wavelength, and has a negative value. Because the 
wavelength giving a minimum loss in the DSF is also 
equal to about 1 .55 |im, the wavelength of an optical 
signal is set to fall in a 1.55 urn band. Accordingly, 
whether the dispersion in the DSF falls in a region of 30 
anomalous dispersion or in a region of normal disper- 
sion is determined according to the correlation between 
the actual wavelength of an optical signal and the zero- 
dispersion wavelength of the DSF. 

[0023] There will now be described a transmittable 35 
distance in the case of using each of a DSF and an SMF 
as the optical fiber transmission line 6. 
[0024] Referring to FIG. 3A, there is shown an essen- 
tial part of the system shown in FIG. 1 in the case of 
using a DSF as the optical fiber transmission line 6. In 40 
this case, the optical transmitter 8 in the first terminal 
device 2 includes an E/O converter (electro/optical con- 
verter) 20 for converting an input electrical signal into an 
optical signal, and a variable gain type optical amplifier 
22 for amplifying the optical signal output from the E/O 45 
converter 20. The gain of the optical amplifier 22 is 
adjusted by the control unit 10 (see FIG. 1) to thereby 
change the optical power of the optical signal to be out- 
put to the optical fiber transmission line 6. Further, an 
optical amplifier 24 is additionally provided as a pream- so 
plifier in the second terminal device 4 in order to 
enhance a receiver sensitivity. The optical amplifier 24 
is optically connected between the second end 6B of 
the optical fiber transmission line 6 and the optical 
receiver (or an O/E converter (opto/electrical converter) 55 
12. 

[0025] Referring to FIGS. 4A and 4B, there are shown 
transmission characteristics of a DSF in the anomalous 
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dispersion region and the normal dispersion region, 
respectively. Attention should be herein directed to the 
facts that a red-shift chirping is given to an optical signal 
in the anomalous dispersion region, that a blue-shift 
chirping is given to an optical signal in the normal dis- 
persion region, and that the chirping given to an optical 
signal having a large optical power by SPM is always a 
blue-shift chirping. It is easier to obtain an optical signal 
having a red-shift chirping than to obtain an optical sig- 
nal having a blue-shift chirping. Accordingly, it is 
assumed herein that the optical signal to be output from 
the optical transmitter 8 has a red-shift chirping. 
[0026] In each of FIGS. 4A and 4B, the vertical axis 
represents the eye opening of an equalized signal 
waveform in the optical receiver 12, and the horizontal 
axis represents the transmission distance. 
[0027] In the case that the optical power of the optical 
signal to be output from the optical transmitter 8 is rela- 
tively small, the nonlinearity of the optical fiber transmis- 
sion line 6 is negligible. Therefore, in the anomalous 
dispersion region, the red-shift chirping given in the opti- 
cal transmitter 8 and the red-shift chirping given in the 
optical fiber transmission line 6 are combined together, 
and the transmittable distance given by a distance at 
which the eye opening becomes lower than a waveform 
degradation limit WDL is relatively short as shown by 
reference symbol (a) in FIG. 4A. In contrast thereto, in 
the normal dispersion region, the red-shift chirping 
given in the optical transmitter 8 and the blue-shift chirp- 
ing given in the optical fiber transmission line 6 are can- 
celed by each other to produce an effect of compression 
of the waveform or pulse width of the optical signal, so 
that the transmittable distance is relatively long as 
shown by reference symbol (d) in FIG. 4B. 
[0028] In the case that the optical power of the optical 
signal to be output from the optical transmitter 8 is rela- 
tively large, the nonlinearity of the optical fiber transmis- 
sion line 6 must be considered. In consideration of 
losses in the optical fiber transmission line 6, the blue- 
shift chirping due to SPM will be dominant at a portion 
of the optical fiber transmission line 6 in the vicinity of 
the first end 6A (e.g., a portion at a distance of tens of 
km). More specifically, in the case that the optical power 
of the optical signal to be output from the optical trans- 
mitter 8 is relatively large, the red-shift chirping given in 
each of the optical transmitter 8 and the optical fiber 
transmission line 6 and the blue-shift chirping due to 
SPM are canceled by each other in the anomalous dis- 
persion region, so that the transmittable distance is rel- 
atively long as shown by reference symbol (b) in FIG. 
4A. In contrast thereto, in the normal dispersion region, 
the blue-shift chirping due to chromatic dispersion and 
the blue-shift chirping due to SPM are combined 
together, so that the transmittable distance is relatively 
short as shown by reference symbol (c) in FIG. 4B. 
[0029] FIGS. 3B and 3C show the relation between 
optical power and distance as converted from FIGS. 4A 
and 4B, respectively. It is necessary to consider an SN 
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limit of a received signal as a transmission limiting fac- 
tor. In each of FIGS. 3B and 3C, the SN limit is denoted 
by reference symbol SNL. Further, reference symbol 
WDL' in each of FIGS. 3B and 3C corresponds to the 
waveform degradation limit WDL shown in each of 5 
FIGS. 4A and 4B. 

[0030] In a region on the left side of the SNL and on 
the left side of the WDL in each of FIGS. 3B and 3C, 
transmission with a fixed transmission quality is 
allowed. For example, in the case that the variable 10 
range of the optical power of the optical signal to be out- 
put from the optical transmitter 8 is set to aP, the trans- 
mittable distance L1 is determined by the WDL' in the 
anomalous dispersion region as shown in FIG. 3B, 
whereas the transmittable distance L2 is determined by 15 
the WDL and the SNL in the normal dispersion region 
as shown in FIG. 3C. That is, in the system shown in 
FIG. 3A, the gain of the optical amplifier 22 is adjusted 
to thereby adjust the optical power of the optical signal 
to be output from the optical transmitter 8, so that an 20 
optimum condition of compensation for chromatic dis- 
persion and nonlinearity can be obtained to thereby 
allow long-haul transmission. 

[0031] In the prior art, the range of the optical output 
power from an optical transmitter is fixedly assigned in 25 
general to design a system in consideration of varia- 
tions in the optical power within this range. Accordingly, 
the transmittable distance L3 is determined (or limited) 
by the worst condition. To the contrary, by controlling or 
adjusting the optical power of the optical signal to be 30 
output from the optical transmitter 8 by the method 
according to the present invention, a good transmission 
quality can always be obtained according to the state of 
the optical fiber transmission line 6, thereby obtaining a 
long transmittable distance. 35 
[0032] In contrast to the system shown in FIG. 3A, the 
system shown in FIG. 5A is characterized in that an 
SMF is used as the optical fiber transmission line 6. In 
the case that an SMF is used as the optical fiber trans- 
mission line 6, the zero-dispersion wavelength of the 40 
SMF is about 1.3 jutm, and the wavelength of the optical 
signal to be output from the optical transmitter 8 falls in 
a 1 .55 band as mentioned previously, so that only an 
anomalous dispersion region is given. In view of the fact 
that the dispersion in an SMF in a 1 .55 urn band is rela- 45 
tively large, dispersion compensating fibers (DCF) 26 
and 28 are adopted in this system to compensate for 
chromatic dispersion in the optical fiber transmission 
line 6. The DCF 26 is optically connected between the 
E/O converter 20 and the optical amplifier 22, and the so 
DCF 28 is optically connected between the optical 
amplifier 24 and the O/E converter 12. The dispersion 
compensation for the optical fiber transmission line 6 
may be carried out by any one of the DCFs 26 and 28. 
[0033] An optical fiber having a dispersion whose ss 
absolute value is sufficiently larger than the absolute 
value of a dispersion in an SMF may be used as each of 
the DCFs 26 and 28, so as to suppress losses. The dis- 



persion in each DCF falls in a normal dispersion region, 
thereby performing dispersion compensation. 
[0034] FIGS. 5B and 5C correspond to FIGS. 4A and 
3B, respectively. In the case that the DCFs 26 and 28 
are used, the dispersion induced by these fibers is con- 
stant. Accordingly, in each of the cases that the optical 
power of the optical signal to be output from the optical 
transmitter 8 is large and small, there exists an optimum 
value of the distance giving a maximum value of the eye 
opening as shown in FIG. 5B. Accordingly, in the case 
that the optical power is small, the transmittable dis- 
tance is limited to the range between a distance (e) 
below which the eye opening is lower than the WDL and 
a distance (0 above which the eye opening is lower than 
the WDL. In the case that the optical power is large, the 
transmittable distance is limited to the range between a 
distance (g) (e < g) below which the eye opening is 
lower than the WDL and a distance (h) (f < h) above 
which the eye opening is lower than the WDL. 
[0035] Accordingly, the condition for obtaining a fixed 
transmission quality in the system shown in FIG. 5A is 
given by a region between two lines WDL(#1) and 
WDL(#2) corresponding to the WDL and on the left side 
of an SNL as shown in FIG. 5C. For example, in the 
case that the variable range of the optical power of the 
optical signal to be output from the optical transmitter 8 
is set to AP, the transmittable distance falls within a rel- 
atively wide range shown by reference symbol L4 in 
FIG. 5C. 

[0036] In the prior art, the range of the optical output 
power from an optical transmitter is fixedly assigned in 
general to design a system in consideration of varia- 
tions in the optical power within this range. Accordingly, 
the transmittable distance range L5 is determined (or 
limited) by the worst condition. To the contrary, by con- 
trolling or adjusting the optical power of the optical sig- 
nal to be output from the optical transmitter 8 by the 
method according to the present invention, a good 
transmission quality can always be obtained according 
to the state of the optical fiber transmission line 6, 
thereby obtaining a long transmittable distance or 
obtaining a wide transmittable distance range. 
[0037] FIG. 6 is a block diagram showing a preferred 
embodiment of an optical amplifier applicable to the 
present invention. This optical amplifier may be used as 
the optical amplifier 22 (postamplif ier), the optical ampli- 
fier 24 (preamplifier), or an optical amplifier included in 
an optical repeater to be hereinafter described. The 
optical amplifier shown in FIG. 6 includes an input port 
30 to which an optical signal to be amplified is supplied, 
an output port 32 for outputting an optical signal ampli- 
fied, and an amplifying unit 34 and an optical coupler 36 
both provided along a main optical path extending 
between the input port 30 and the output port 32. 
[0038] The amplifying unit 34 includes an optical 
amplifying medium to which the optical signal from the 
input port 30 is supplied, and a pumping unit for pump- 
ing the optical amplifying medium so that the optical 
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amplifying medium gives a gain to the optical signal 
supplied. In the case that a semiconductor chip 
obtained by reducing a reflectance on the opposite end 
faces of a laser diode is used as the optical amplifying 
medium, the pumping unit is provided by a current 5 
source for supplying an injection current to the semicon- 
ductor chip. In this case, a gain determined according to 
the injection current is given to the optical signal. 
[0039] In this preferred embodiment, an erbium doped 
fiber (EDF) 38 is used as the optical amplifying medium, 10 
so as to adapt it to an optical signal having a wavelength 
falling in a 1.55 urn band. The EDF 38 has a first end 
optically connected to the input port 30 and a second 
end optically connected to the optical coupler 36. The 
pumping unit is provided by a laser diode 40 as a pump- is 
ing source for supplying pump light having a predeter- 
mined wavelength to the EDF 38. The wavelength of the 
pump light is set to fall in a 0.98 \im band or a 1 .48 fim 
band, for example. By optically connecting the laser 
diode 40 through a WDM coupler (not shown) to the first 20 
end of the EDF 38, the optical signal and the pump light 
propagate in the EDF 38 in the same direction, thereby 
performing forward pumping. In the case of optically 
connecting the laser diode 40 through a WDM coupler 
(not shown) to the second end of the EDF 38, the optical 25 
signal and the pump light propagate in the EDF 38 in 
opposite directions, thereby performing backward 
pumping. Alternatively, bidirectional pumping may be 
performed by optically connecting a first pumping 
source through a first WDM coupler to the first end of 30 
the EDF 38, and optically connecting a second pumping 
source through a second WDM coupler to the second 
end of the EDF 38. 

[0040] The laser diode 40 is supplied with a drive cur- 
rent (DC bias current) from a drive circuit 42, so that a 35 
gain determined according to the drive current is gener- 
ated in the EDF 38. Most of the optical signal amplified 
in the amplifying unit 34 according to the given gain is 
passed through the optical coupler 36 and output from 
the output port 32. The remainder of the amplified opti- 40 
cal signal is branched off as monitor light by the optical 
coupler 36, and the monitor light is supplied to a photo- 
detector (PD) 44 such as a photodiode. The photode- 
tector 44 outputs a signal having a voltage level 
corresponding to the power of the monitor light 45 
received. In general, the optical coupler 36 has a 
branching ratio not dependent on the power of an opti- 
cal signal supplied, so that the optical power of the opti- 
cal signal to be output from the output port 32 is 
reflected by the voltage level of the output signal from so 
the photodetector 44. The output signal from the photo- 
detector 44 is supplied to a comparator 46. The compa- 
rator 46 feedback controls the drive current to be 
supplied from the drive circuit 42 to the laser diode 40 
so that the difference between the voltage level of the 55 
output signal from the photodetector 44 and a reference 
voltage Vref becomes zero or constant. 
[0041] By adopting such a feedback loop, the optical 
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power of the optical signal to be output from the output 
port 32 can be maintained at a constant level deter- 
mined by the reference voltage Vref (Automatic Level 
Control: ALC). Particularly in this preferred embodi- 
ment, the control unit 10 (see FIG. 1) is provided by a 
reference voltage generating circuit 48. The circuit 48 
generates the reference voltage Vref according to the 
control signal CS supplied. Accordingly, a target value 
of ALC by this optical amplifier can be predetermined 
according to the control signal CS. 
[0042] FIG. 7 is a block diagram showing a preferred 
embodiment of the monitor unit 14 shown in FiG. 1. An 
optical signal transmitted by the optical fiber transmis- 
sion line 6 is amplified by the optical amplifier 24 as a 
preamplifier, and an amplified optical signal is branched 
into a first signal beam and a second signal beam by an 
optical coupler 50. The first signal beam is supplied to a 
first O/E converter (optical receiver) 12. The O/E con- 
verter 12 regenerates a main signal according to the 
signal beam received. The second signal beam is sup- 
plied to a second O/E converter 52 included in the mon- 
itor unit 14. An output signal from the O/E converter 52 
is supplied to an error detecting circuit 54, thereby 
obtaining error information on a bit error rate of the main 
signal. The O/E converter 52 is supplied with a variable 
discrimination level, and an eye opening calculating cir- 
cuit 56 can calculate an eye opening according to the 
discrimination level and the error information obtained 
by the error detecting circuit 54. The eye opening thus 
obtained is provided as eye opening information. 
[0043] Referring to FIG. 8, there is shown a specific 
configuration of the O/E converter 52 in the monitor unit 
14 shown in FIG. 7. The second signal beam from the 
optical coupler 50 (see FIG. 7) is supplied to a reverse- 
biased photodiode 57. The potential at the anode of the 
photodiode 57 changes with a change in intensity or 
optical power due to modulation of the signal beam sup- 
plied to the photodiode 57, so that the change in the 
anode potential is an output electrical signal from the 
photodiode 57. The output electrical signal is equaliza- 
tion-amplified by an equalizing amplifier 58, and an 
equalization-amplified signal is supplied to a discrimina- 
tor 62. A timing regenerator 60 regenerates a clock 
according to a signal from the equalizing amplifier 58. 
The discriminator 62 discriminates between a high level 
and a low level of the equalization-amplified signal at a 
corresponding timing according to the clock from the 
timing regenerator 60 and the discrimination level being 
supplied. 

[0044] The O/E converter 12 for the main signal may 
be obtained by modifying the configuration of the O/E 
converter 52 shown in FIG. 8 in such a manner that the 
discrimination level to be supplied to the discriminator 
62 becomes constant. 

[0045] According to the preferred embodiment shown 
in FIG. 7, the parameter (bit error rate or eye opening) 
related to waveform degradation can be detected by the 
monitor unit 14 while obtaining the main signal from the 
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O/E converter 12. Accordingly, control of the optical 
power to an optimum value can be continuously per- 
formed even in an in-service condition of the system 
after initialization thereof. 

[0046] While the first and second beams are used in 
the preferred embodiment shown in FIG. 7, the optical 
coupler 50 and the O/E converter 52 may be omitted, in 
which an output signal from an equalizing amplifier 
included in the O/E converter 12 is branched into first 
and second signals, the first signal being used for 
demodulation of the main signal, the second signal 
being used for error detection and eye opening calcula- 
tion. In this case, the receiving power of the O/E con- 
verter 1 2 can be increased and the number of optical 
components can be reduced. 

[0047] FIG. 9 is a block diagram showing a preferred 
embodiment of the system according to the present 
invention. In this preferred embodiment, an optical fiber 
transmission line 64 different from the optical fiber trans- 
mission line 6 is used for transmission of supervisory 
information from the second terminal device 4 to the first 
terminal device 2. That is, the optical fiber transmission 
line 6 is used as a downstream line directed from the 
first terminal device 2 toward the second terminal 
device 4, and the optical fiber transmission line 64 is 
used as an upstream line directed from the second ter- 
minal device 4 toward the first terminal device 2. 
[0048] An optical signal inclusive of the supervisory 
information output from the transmitting unit 16 in the 
second terminal device 4 is amplified by an optical 
amplifier 66 as a postamplifier, and an amplified optical 
signal output from the optical amplifier 66 is supplied 
into the optical fiber transmission line 64 from its first 
end 64A. An optical signal output from the second end 
64B of the optical fiber transmission line 64 is amplified 
by an optical amplifier 68 as a preamplifier, and an 
amplified optical signal output from the optical amplifier 
68 is supplied into the receiving unit 1 8 in the first termi- 
nal device 2. 

[0049] The transmitting unit 1 6 includes a supervisory 
information inserting circuit 70 for inserting supervisory 
information related to a parameter detected by the mon- 
itor unit 14 into a main signal to be transmitted by the 
upstream line, and an E/O converter 72 for converting 
an output signal from the circuit 70 into an optical signal. 
[0050] The receiving unit 18 includes an O/E con- 
verter 74 for converting an optical signal amplified by 
the optical amplifier 68 into an electrical signal, and a 
supervisory information extracting circuit 76 for extract- 
ing the supervisory information from the output signal 
from the O/E converter 74. The circuit 76 generates the 
control signal CS according to the extracted supervisory 
information. 

[0051] According to the system shown in FIG. 9, the 
optical power of the optical signal to be output from the 
optical transmitter 8 in the first terminal device 2 can be 
controlled to an optimum value according to the super- 
visory information transmitted by the optical fiber trans- 



mission line 64. This control will now be described more 
specifically. 

[0052] At starting up the system, the launch power of 
an optical signal according to the kind of the optical fiber 

s transmission lines 6 and 64 (SMF/DSF) and the trans- 
mission distance is set in order to obtain a condition 
where the optical signal is allowed to pass through each 
of the optical fiber transmission lines 6 and 64 to some 
extent. Further, in the case that the combination of an 

10 SMF and a DCF is adopted as shown in FIG. 5A, the 
dispersion of the DCF is also set. 
[0053] In the next step, the optical power of the optical 
signal to be output from the optical transmitter 8 in the 
first terminal device 2 is changed to detect a parameter 

is (e.g., bit error rate) related to waveform degradation by 
the monitor unit 14 in the second terminal device 4. In 
this case, supervisory information is obtained according 
to error information, so that the supervisory information 
thus obtained is transmitted from the transmitting unit 

20 1 6 to the receiving unit 1 8. 

[0054] In the first terminal device 2, an optimum value 
of the optical power of the optical signal to be output 
from the optical transmitter 8 can be obtained from the 
correspondence between the change in the optical 

25 power and the error information. Accordingly, the control 
signal CS is generated so as to obtain the optimum opti- 
cal power. In this manner, the optical power of the opti- 
cal signal to be output from the optical transmitter 8 to 
the optical fiber transmission line 6 can be maintained 

30 always at an optimum value, thus allowing compensa- 
tion for chromatic dispersion and nonlinearity: * 
[0055] While the optical power of the optical signal to 
be output to the optical fiber transmission tine 6 is opti- 
mized in this preferred embodiment, the optical power of 

35 an optical signal to be output to the optical fiber trans- 
mission line 64 may be optimized by reversing the func- 
tions of the terminal devices 2 and 4. Such a 
modification can be made very easily by those skilled in 
the art, so the description thereof will be omitted herein. 

40 [0056] The optimization of the optical power must be 
carried out in an initial stage where equipment is intro- 
duced into a line or in the event of troubleshooting, for 
example. However, once the system falls into a running 
condition, the transmission conditions become substan- 

45 tially fixed, so that the possibility of a large change in the 
optimum value of the optical power is low. Accordingly, 
the optical power of the optical signal to be output from 
the optical transmitter 8 may be adjusted manually 
according to the method of the present invention rather 

so than by the automatic control using the control unit 10 
as in the system shown in FIG. 9. 
[0057] FIG. 10 is a block diagram showing another 
preferred embodiment of the system according to the 
present invention. The system shown in FIG. 10 is char- 

55 acterized in that a plurality of optical repeaters 78(#1 ) to 
78(#N). (N is an integer greater than 1 ) are arranged 
along the optical fiber transmission line 6, in contrast to 
the system shown in FIG. 1 or FIG. 9: Each of the opti- 
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cal repeaters 78(#1) to 78(#N) is provided as a linear 
repeater. The linear repeater is a repeater for amplifying 
a received optical signal in an analog manner, and it is 
distinguished from a regenerative repeater designed to 
perform waveform shaping or the like. Each of the opti- 5 
cal repeaters 78(#1 ) to 78(#N) has an optical amplifier 
80 for amplifying a received optical signal. Particularly in 
this preferred embodiment, a plurality of optical repeat- 
ers 82(#1 ) to 82(#N) are also arranged along the optical 
fiber transmission line 64. Each of the optical repeaters w 
82(#1) to 82(#N) has an optical amplifier 84. 
[0058] Some application forms of the present inven- 
tion particularly to the optical fiber transmission line 6 in 
the system shown in FIG. 10 will now be described. 
[0059] In a first application form, the output level (the 15 
optical power of an output optical signal) from each opti- 
cal amplifier 80 is set (fixed) to a constant value. In this 
case, the influence of nonlinearity due to a high output 
level from each optical amplifier 80 is substantially con- 
stant. Accordingly, the optical power of the optical signal 20 
to be output from the optical transmitter 8 in the first ter- 
minal device 2 can be easily set to an optimum value 
according to the present invention. Each optical ampli- 
fier 80 may employ the configuration of the optical 
amplifier shown in FIG. 6 with the reference voltage Vref 25 
set constant. 

[0060] In a second application form, the output level of 
the optical transmitter 8 and the output level of each 
optical amplifier 80 are set substantially equal to each 
other. That is, the output levels of the optical transmitter 30 
8 and each optical amplifier 80 are adjusted according 
to the control signal CS (see FIG. 9). 
[0061] In a third application form, the output levels of 
the optical transmitter 8 and the optical amplifiers 80 are 
adjusted sequentially from the first terminal device 2 35 
toward the second terminal device 4 or from the second 
terminal device 4 toward the first terminal device 2. 
[0062] In each of the second and third application 
forms, the output level (or gain) of each optical amplifier 
80 is changed according to the control signal CS. 40 
Accordingly, in the case that the optical amplifier shown 
in FIG. 6 is used as each optical amplifier 80, the refer- 
ence voltage Vref is adjusted according to the control 
signal CS. 

[0063] In each of the second and third application 45 
forms, the control signal CS is required in each of the 
optical repeaters 78(#1) to 78(#N). Accordingly, it is 
necessary to transmit specific supervisory information 
including the control signal CS from the first terminal 
device 2 to each of the optical repeaters 78(#1) to so 
78(#N). 

[0064] FIG. 1 1 is a block diagram showing a modifica- 
tion for transmitting specific supervisory information in 
the system shown in FIG. 10. In this modification, the 
first terminal device 2 has an E/O converter 86 for con- 55 
verting specific supervisory information (supervisory 
signal) generated according to the control signal CS into 
a supervisory optical signal. The supervisory optical 



493 A2 




signal output from the E/O converter 86 is combined 
with an optical signal related to a main signal output 
from the optical transmitter 8 by a WDM (wavelength 
division multiplexing) coupler 88. Accordingly, the wave- 
length of the supervisory optical signal is different from 
the wavelength of the optical signal output from the opti- 
cal transmitter 8. 

[0065] Reference numeral 78 denotes each of the 
optical repeaters 78(#1) to 78(#N) shown in FIG. 10. In 
each optical repeater 78, the supervisory optical signal 
is extracted by a WDM coupler 90, and the extracted 
supervisory signal is converted into a supervisory signal 
by an O/E converter 92. The supervisory signal output 
from the O/E converter 92 is supplied to a supervisory 
circuit (SV) 94. The supervisory circuit 94 adjusts the 
output level (or gain) of the optical amplifier 80 accord- 
ing to the supervisory signal. For example, in the case 
that the optical amplifier shown in FIG. 6 is used as the 
optical amplifier 80, the reference voltage Vref is set 
according to the supervisory signal. The supervisory 
signal supplied to the supervisory circuit 94 or a super- 
visory signal updated in the supervisory circuit 94 is 
converted into a supervisory optical signal by an E/O 
converter 96. The supervisory optical signal output from 
the E/O converter 96 is supplied to a WDM coupler 98, 
in which the supervisory optical signal is combined with 
an optical signal amplified by the optical amplifier 80. 
[0066] In the second terminal device 4, the supervi- 
sory optical signal is extracted by a WDM coupler 100, 
and the extracted supervisory optical signal is con- 
verted into a supervisory signal by an O/E converter 
102. The supervisory signal output from the O/E con- 
verter 102 is supplied to a supervisory circuit 104, and 
an output signal from the supervisory circuit 104 is fed 
to the upstream line together with an output signal from 
the monitor unit 14. 

[0067] A control flow in the system shown in FIG. 10 
(FIG. 11) will now be described with reference to FIG. 
12 in the case of carrying out the third application form. 
[0068] In step 112, initial information on the transmis- 
sion lines is input. Examples of the initial information 
include the kind of the transmission lines 
(DSF/SMF/others), the distance of each repeater spac- 
ing, the presence/absence of a dispersion compensa- 
tor, the dispersion in the case that the dispersion 
compensator is present, and parameters of the trans- 
mission lines (loss coefficient, dispersion coefficient, 
and nonlinear coefficient). 

[0069] In step 114, the output levels of the optical 
transmitter 8 and each optical amplifier 80 are initially 
set according to the input initial information, in order that 
the optical signal from the first terminal device 2 is trans- 
mitted to the second terminal device 4 with a certain 
level of transmission quality. 

[0070] In step 1 16, optimum detection and setting are 
started. Step 116 is executed in the order of the down- 
stream line (the optical fiber transmission line 6) and the 
upstream line (the optical fiber transmission line 64), for 
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example. 

[0071 ] In step 1 1 8, the optimum detection and setting 
for each section of the downstream line are carried out. 
In other words, the output levels of the optical transmit- 
ter 8 and the optical repeaters 78(#1 ) to 78(#N) are set 5 
in this order. 

[0072] In step 1 20, it is determined whether or not the 
setting for all the lines has been finished. If the setting 
for all the lines has not yet been finished, the program 
returns to step 116 to start the optimum detection and w 
setting for the upstream line. 

[0073] At the time the setting for all the lines has been 
finished, the program proceeds to step 1 22, in which the 
set information is recorded into a memory device asso- 
ciated with a CPU provided in the first terminal device 2, 15 
for example. 

[0074] While the setting operation by the control flow 
shown in FIG. 12 is carried out for the downstream line 
sequentially from the first terminal device 2 toward the 
second terminal device 4, the setting operation may be 20 
carried out in reverse order. Further, the setting opera- 
tion for the upstream line can also be carried out simi- 
larly. 

[0075] According to the present invention as 
described above, it is possible to provide a method for 25 
optical fiber communication which can compensate for 
chromatic dispersion and nonlinearity to allow long-haul 
transmission, and also to provide a terminal device and 
system for use in carrying out the method. The effects 
obtained by the specific preferred embodiments of the 30 
present invention have been described above, so the 
description thereof will be omitted herein. 
[0076] The present invention is not limited to the 
details of the above described preferred embodiments. 
The scope of the invention is defined by the appended 35 
claims and all changes and modifications as fall within 
the equivalence of the scope of the claims are therefore 
to be embraced by the invention. 

Claims 40 

1 . A method comprising the steps of: 

(a) providing a device for outputting an optical 
signal having a variable optical power to an 45 
optical fiber transmission line; 

(b) converting said optical signal transmitted by 
said optical fiber transmission line into an elec- 
trical signal; 

(c) detecting a parameter related to waveform so 
degradation of said electrical signal; and 

(d) controlling said optical power according to 
said parameter detected so that the waveform 
degradation of said electrical signal is 
improved. 55 

2. A method according to claim 1 , wherein: 
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said device is provided by an optical amplifier 
included in an optical repeater provided along 
said optical fiber transmission line; 
said step (d) including the step of adjusting the 
gain of said optical amplifier. 

3. A method according to claim 1 , wherein said device 
is provided by an optical transmitter connected to 
one end of said optical fiber transmission line. 

4. A method according to claim 3, wherein: 

said optical transmitter comprises an elec- 
tro/optical converter for converting an input 
electrical signal into said optical signal, and an 
optical amplifier for amplifying said optical sig- 
nal; 

said step (d) including the step of adjusting the 
gain of said optical amplifier. 

5. A method according to claim 1, wherein said 
parameter is a bit error rate of said electrical signal. 

6. A method according to claim 1, wherein said 
parameter is an eye opening of said electrical sig- 
nal. 

7. A method according to claim 1 , wherein said device 
is provided by an optical transmitter connected to 
one end of said optical fiber transmission line, and 
an optical amplifier included in each of a plurality of 
optical repeaters arranged along said optical fiber 
transmission line. 

8. A method according to claim 7, wherein said step 
(d) includes the step of satisfying a condition where 
the output powers of said optical transmitter and 
said optical amplifiers are substantially equal to 
each other. 

9. A method according to claim 7, wherein said step 
(d) includes the step of sequentially adjusting the 
output powers of said optical transmitter and said 
optical amplifiers. 

10. A system comprising: 

first and second terminal devices; and 
an optical fiber transmission line connecting 
said first and second terminal devices; 
said first terminal device comprising an optical 
transmitter for outputting an optical signal hav- 
ing a variable optical power to said optical fiber 
transmission line; 

said second terminal device comprising an 
optical receiver for converting said optical sig- 
nal transmitted by said optical fiber transmis- 
sion line into an electrical signal, a monitor unit 
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for detecting a parameter related to waveform 
degradation of said electrical signal, and 
means for transmitting supervisory information 
on said parameter detected to said first termi- 
nal device; 

said first terminal device further comprising a 
control unit for controlling said optical power 
according to said supervisory information so 
that the waveform degradation of said electrical 
signal is improved. 



18 



by said optical fiber transmission line; and 
means for controlling said optical power 
according to said supervisory information so 
that the waveform degradation of said optical 
signal is improved. 



70 



11. A system according to claim 10, wherein: 

said optical transmitter comprises an elec- 
tro/optical converter for converting an input 75 
electrical signal into said optical signal, and an 
optical amplifier for amplifying said optical sig- 
nal; and 

said control unit adjusts the gain of said optical 
amplifier. 20 

12. A system according to claim 10, wherein said sec- 
ond terminal device further comprises an optical 
amplifier for amplifying said optical signal to be 
received by said optical receiver. 25 

13. A system according to claim 10, wherein said opti- 
cal fiber transmission line comprises a dispersion 
shifted fiber having a zero-dispersion wavelength 
near 1.55 jim. 30 

14. A system according to claim 10, wherein said opti- 
cal fiber transmission line comprises a single-mode 
fiber having a zero-dispersion wavelength near 1 .3 
|im. 35 

1 5. A system according to claim 1 4, further comprising 
a dispersion compensating fiber for compensating 
for chromatic dispersion occurring in said optical 
fiber transmission line. 40 



16. A system according to claim 10, further comprising 
a second optical fiber transmission line connecting 
said first and second terminal devices; 

said supervisory information being transmitted 
from said second terminal device to said first 
terminal device by said second optical fiber 
transmission line. 



45 



50 



17. A terminal device comprising: 



an optical transmitter for outputting an optical 
signal having a variable optical power to an 
optical fiber transmission line; 
means for receiving supervisory information on 
a parameter detected in relation to waveform 
degradation of said optical signal transmitted 
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